Abstract-In this letter we present an experimental confirmation of 3-and 5-scroll attractors from a generalized Chua's circuit. The generalized Chua's circuit introduced by Suykens, Huang, and Chua makes use of a piecewise linear characteristic with multiple breakpoints leading to a more complete family of -scroll attractors than -double scroll attractors, with a natural number.
I. INTRODUCTION
Chua's circuit is a paradigm for chaos [12] , being a simple nonlinear electrical circuit that exhibits a rich variety of phenomena [3] - [7] , which has been experimentally confirmed in [23] . Among the generalizations that have been proposed in literature [8] , [10] - [12] , [21] , Suykens and Vandewalle [13] , [14] introduced a family of n-double scroll attractors, where n is a natural number. An experimental confirmation of 2-double scrolls has been given by Arena et al. in [1] , [2] . In this work a piecewise linear characteristic with multiple breakpoints has been taken. A more complete family of n-scroll instead of n-double scroll attractors has been obtained from the generalized Chua's circuit proposed by Suykens, Huang and Chua in [15] . In this circuit an additional scroll around the origin can be realized, leading in this way to a family with an even or odd number of scrolls. The generalized Chua's circuit is representable in Lur'e form and as a result can and has been used within synchronization schemes for secure communications using chaos [17] , [18] , [20] . Arrays of cells consisting of generalized Chua's circuits leading to hyperchaotic behavior with n-double scroll hypercube attractors have been studied in [16] . Finally, a time-series prediction competition has been organized at the K.U. Leuven Belgium, where the behavior of a simulated 5-scroll attractor (after a nonlinear transformation) had to be predicted, given 2000 data points of the attractor. The results of this contest have been reported in [19] . In this paper we experimentally confirm the 3-scroll and 5-scroll attractor from the generalized Chua's circuit. The circuit implementation is based on the realization of Chua's circuits by a voltage controlled voltage source [22] . This paper is organized as follows. In Section II we give the equations of the generalized Chua's circuit. In Section III the realization of 3-and 5-scroll attractors is discussed.
II. GENERALIZED CHUA's CIRCUIT
The generalized Chua's circuit, which exhibits an even or odd number of scrolls, as proposed by Suykens, Huang and Chua, is given by the equations [1] , [12] , [15] (1)
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Publisher Item Identifier S 1057-7122(00)02318-7. (2) where q denotes a natural number. Existing circuit implementations of (1), (2) have been made for q = 1 corresponding to the double scroll case [12] and by Arena et al. in [1] , [2] in order to confirm the n-double scroll attractors, introduced by Suykens and Vandewalle in [13] , [14] .
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• q = 2: 3-scroll [15] 
• q = 3: 5-scroll [15] 
The components of the vector m have alternating signs and the sign of m0 is negative in the case of n-double scrolls. n-Scroll attractors with an odd number of scrolls are generated from (1) and (2) 
with f(x) = 0h(x) + (1 + )x and = 1 [9] . The realization has been introduced in [22] for the generation of double scroll attractors from Chua's circuit. Table I .
By adjusting the value of R31 in Fig. 2 from 12 280 to 12 740 the generalized Chua's circuit behaves as a 3-scroll instead of a 5-scroll, as illustrated in Fig. 3 . A two dimensional view of the attractor is obtained by connecting V C1 and V C2 to the X and Y channels respectively of an X-Y oscilloscope. Fig. 4 shows the spectrum of 3-and 5-scroll attractors for VC1.
IV. CONCLUSION
A circuit implementation of 3-and 5-scroll attractors has been given. The attractors are generated from generalized Chua's circuits that have multiple breakpoints in the PWL characteristic. The generalized Chua's circuits are representable in Lur'e form. Hence they can be employed in methods for secure communications using chaos that exploit properties of Lur'e systems, besides other general methods. A computer simulated 5-scroll attractor has been used in the K. U. Leuven time series prediction competition.
